With increasing of world population food production has also increased to supply these needs. As a result of these factors have increased the use of natural resources, among them can be highlight that water after being used throughout the process eventually generates effluents with high pollutant load which if not properly treated can result in major environmental problems. To minimize this problem is used the treatment of these effluents and one of the mechanisms used is coagulation. The coagulants agents can be of chemical origin such as aluminum or iron, or natural origin, also called polyelectrolytes, such as moringa, chitosan and tannin. The advantages of using polyelectrolytes are numerous, they can be used in the effluents treatment from various industries, wastewater treatment and even drinking water treatment, in addition to their lower cost, higher efficiency, the lower volume of the sludge generated compared with the chemical coagulant, also its lower toxicity enables easier discharge and may even be used in agriculture as fertilizer.
Introduction
The environmental concern is increasingly widespread. In this scenario world population has been increasing, which demand for processed and industrialized products, whose production requires large amounts of natural resources and water is the main resource used. This resource, after use throughout processing and refining, returns to the receiving bodies, and can cause water contamination if were not properly treated, damaging the entire surrounding environment.
Among manufacturing and processing sectors, agribusiness has been shown as an important segment of the global economic activity, especially animal processing (Fernandes, 2007) . The cattle, pig and poultry processing can be mentioned as the main activities in Brazil. According to indicators of Instituto Brasileiro de Geografia e Estatística (IBGE, 2013) the results obtained in the study showed increasing slaughter rate, mainly cattle, pigs and poultry, since the creation of the survey in 1997. Consequently, amount of water used have been causing increased effluent volume at the end of the process.
In the frigorific industries, large amounts of water are used during the whole process such as in cleaning equipment, room/sites within the industry, animal receiving local and washing carcasses. The amount of available water for slaughter is 850 liters per slaughtered pig, defined by the Ministério de Agricultura, Pecuária e Abastecimento -MAPA in Ordinance No. 711, of November 1, 1995 (Brasil, 1995 .
Therefore, due to the large volume of effluent generated its contamination and with the environmental regulations, this waste must be necessarily treated before being intended to the receiving body in order to have no sanitary and environmental damages. One of the processes used for the treatment of effluent is coagulation, being used for color, turbidity and natural organic matter removal (Budd et al., 2004; Da Silva et al., 2004; Hassemer et al., 2002; Huang et al., 2009; Leiknes, 2009) .
Aluminum sulfate, ferric chloride, aluminum chloride, ferric sulfate and chlorinated ferrous sulfate are among the most commonly inorganic anticoagulants used, and others of organic origin, also known as polyelectrolytes, such as the extract of moringa seed, tannin and chitosan (Pavanelli & Bernardo, 2002; Matos et al., 2007; Bongiovani et al., 2010) . Coral et al. (2010) reported that prolonged use of aluminum sulfate has been questioned due to the presence of residual aluminum in the treated water and the sludge generated, often in high concentrations, at the end of the process which hamper its provision in the soil due to contamination and accumulation of this metal.
Natural coagulants has showing advantages over chemical coagulants, specifically regarding biodegradability, low toxicity and low residual sludge production rate (Moraes, 2004) .
Inorganic coagulants are increasingly being replaced by products of organic origin due to excessive concern with natural resources and the strict standards determined by environmental legislation. This study is justified by searching clean technologies for wastewater treatment, thus allowing food production in a sustainable form with environmentally responsible. The aim of this study is a literature review of the advantages and disadvantages of using each coagulant, and the pH parameters and concentration that become more efficient as well.
Literature review

Effluents of food industry
The effluents of the food industry are characterized by high concentrations of oil and grease, sulfates, nitrates and phosphates and as a result, have high COD and BOD. Suspended solids, floating material, low biodegradability and high temperatures are still present. For containing blood, various tissues and fats are highly putrescible, entering in decomposition immediately after its formation, and releasing as unpleasant odors as their appearance, causing serious problems in anaerobic and aerobic processes (Vidal, 2000; Jung et al., 2002; Naime & Garcia, 2005) .
According to Scarassati et al. (2003) (Brasil, 2011) .
Treatments of effluents
The effluents treatment can be performed by chemical-physical and/or biological processes. Treatment by physical processes results in oil, grease and coarse material removal, being carried out with strainers and fat boxes. The biological treatment has as main function the organic matter removal, being used in effluents with large amounts of organic material easily biodegradable (Naime & Garcia, 2005 Machado (2005) says that the tertiary treatment is necessary to, after the treatment, the effluent can be used in direct or indirectly reuse in the industrial plant. You can also use this treatment in the case of receiving bodies do not tolerate the loads of pollutants secondary treatment, even though it complies with the law.
It can mention as examples of tertiary treatments:
• Cloraction -this method uses chlorine, which penetrates in microorganisms cells and react with their enzymes destroying them, and also acting in iron and manganese oxidation, hydrogen sulphide removal, odor, color and flavor control and algae removal (Jordão & Arruda, 1995; Macêdo, 2001 ).
• Ultraviolet radiation -electromagnetic spectrum region which has UV radiation is particularly indicated to microorganisms inactivation, reaching its highest efficiency at 260 nm wavelength (Skoog, 1994 ).
• Reverse Osmosis -According to Schneider (2001) is used to desalinate sea, brackish and surface waters. The pressure applied must overcome the osmotic pressure of the solution to separate the salts of water.
• Ozonization -the ozonization involves two reactive mechanisms. Ozone direct attack and the attack through OH radicals formed in the ozone decomposition (Gogate & Pandit, 2004 ).
• Electrolytic treatment -consisted of electric energy conversion into chemical through electrolytic cell, where a continuing current from external source induces oxide reduction reaction non-spontaneous (Hemkemeier et al., 2009 ).
• Coagulation/Flocculation -coagulation corresponds to dispersion colloidal destabilization obtained by reduction of repulsion forces between negative charge cells through addiction of chemical or natural coagulants, in this case occurs a fast mixture of coagulant with the environment and later at this stage, occurs the flake formation, named flocculation (Pavanelli, 2002; Silva, 2005) .
Coagulation
Coagulation is consisted of physical actions and chemical reactions set, lasting a few seconds, between the coagulant, usually an aluminum salt or iron, water and its impurities, and it is presented in three phases: (i) forming salt hydrolyzed species when dispersed in water, (ii) destabilizing colloidal and suspended particles dispersed and in liquid mass and (iii) aggregation of these particles to form the flakes .
According to Di Bernardo & Dantas (2005) coagulation results from individual or combined action of four different mechanisms: compression of the diffuse layer, adsorption and neutralization, scan and adsorption and bridging:
• Compression of diffuse layer -when introducing simple salts in a colloidal, the charge density in the diffuse layer increases and sphere of particle influence decreases, causing coagulation by compressing the diffuse layer.
• Adsorption and neutralization -this mechanism is very important when applying direct filters technologies because there is no need to flakes production for further sedimentation, but destabilized particles that will be retained in filter granular median.
• Scan -it is widely used in treatment water stations where there is flocculation and sedimentation preceding filtration, i.e. in the cases where aluminum sulfate is applied.
• Adsorption and bridging -this mechanism involves the polymer use of great larger molecular chains, which serve as bridge between the surface which they are and other particles. Schoenhals et al. (2006) defined coagulation/flocculation as the provider of the destabilization of colloidal and finely divided particles, thus forming larger and denser flakes, being possible the separation. Santos (2004) reports that the coagulation diagrams are useful tools for predicting the chemical conditions where coagulation occurs and therefore essential to plan, analyze and interpret studies in laboratory scale or pilot scale, then contributing to the definition of coagulant dosage and pH conditions for reducing turbidity and color and other parameters of interest.
Chemical coagulants
Ferric choride
Iron salts are widely used as coagulants for water treatment. React in order to neutralize the negative charges of colloids and provide the formation of insoluble iron hydroxides. Due to the low solubility of the formed ferric hydroxides, they can act on a wide pH range. In coagulation, flake formation is faster due to the high molecular weight of this element, compared to the aluminum; therefore, flakes are denser, and the sedimentation time is significantly reduced (Pavanelli, 2002) .
The following reaction, proposed by Pavanelli (2002) refers to the hydrolysis reaction of ferric chloride, being responsible for the formation of iron hydroxide which has a coagulant action on the particles.
The use of FeCl 3 reduces color, turbidity, amount of suspended solids, BOD drastically and in addition eliminates phosphates.
Delgado et al. (2003) used ferric chloride as coagulant in the treatment of effluent refrigerator, achieved efficiencies that oscillated in range from 60 to 75% for turbidity removal, by applying dosages ranging between 5 and 30 mg L -1 during the coagulation process. Silva et al. (2007) studied and compared ferric chloride and moringa in the post-treatment of effluents from anaerobic reactors of sludge blankets, and even concluding that the ferric chloride showed to be more efficient in the removal of chemical oxygen demand (COD), turbidity and also financially more viable. However, it had iron levels above that those established by legislation, being indispensable another treatment for coagulant removal.
Natural coagulants
Natural coagulants may also be named polyelectrolytes for being polymers originating of proteins and polysaccharides (Barros, 2002) .
According to Silva (2005) it has been sought in the biodiversity of natural resources a natural coagulant, biodegradable, with low toxicity, simple use, inexpensive and easily obtained. Mangrich et al. (2013) said that the sludge resulting from the treatment of water or effluents, since it is organic, can be used as prime material for the production of organic fertilizer, with slow and controlled nitrogen release, thus avoiding urea use, for example.
The use of natural coagulants for effluent treatment can benefit to frigorific industry. In consideration that the effluent generation is unavoidable, the water obtained after treatment could be recycled in industry outside areas and the generated sludge will be more easily eliminated due to their biodegradability.
Moringa seed extract, chitosan and tannin, are among the polyelectrolyte which are more commonly used.
Moringa
The Moringa oleifera Lam. is a small arboreal species of fast growth with 5 to 12 meters height, from the Indian northwest, cultivated thanks to their food, medicinal, industrial value and water treatment (Bezerra et al., 2004; Schwarz, 2000) . Lenhari & Hussar (2010) analyzed the physical-chemical treatment of effluent from a food industry comparing the moringa seed and a commercial polymer and observed that with increased commercial polymer concentration, reduction of COD decreases, whereas with the addition of natural coagulant, the efficiency increases. Thus they concluded that the replacement generates large both financial and environmental advantages and for being of natural origin does not make nonrenewable resources use such as oil, which these polymers are synthesized.
Moringa seeds can also be used as food. Abdulkarima et al. (2005) concluded that the moringa oleifera seed has potential to become a new source of oleic oil. Silva & Matos (2008) evaluated the characteristics of Moringa seeds used for preparing dispersions for water treatment and found that the dispersions containing seed husk are less homogeneous than those shelled, the removal of oleic content of moringa seeds can contribute to greater removal of turbidity and a granulometric study of dispersions prepared with moringa shelled seeds showed that the diameter of the particles composing mass without oil was lower, resulting in higher specific surface. For this reason, dispersion had lower values of apparent color and turbidity.
Chitosan
Chitosan was isolated in 1859 by heating the chitin in concentrated potassium hydroxide solution, resulting in a cationic polyelectrolyte obtained from the deacetylation of chitin, which can be obtained from fungi, especially in species of Mucor genus, yeast and the exoskeleton of crustaceans, especially shrimp and crabs. The purification process of the chitin consists of the removal of minerals through acid treatment and alkaline deproteinization and deodorizing with sodium hypochlorite. The production of chitosan can be obtained by partial or complete hydrolysis of the acetyl grouping with concentrated sodium hydroxide solutions or enzymatic hydrolysis, as different methods result in chitosans with different degrees of deacetylation and molecular mass by determining their applicability (Freepons, 1986; Tolaimatea et al., 2003; Weska et al., 2007; Wibowo et al., 2007; Capelete, 2011) . Santos et al. (2003) mentions various applications of chitosan as water treatment, production of cosmetics, medications, food additives, semipermeable membranes and biomaterials development.
Due to its biodegradability chitosan appears as a potential polymer for replacement of synthetic materials widely used in effluents treatment, attempting to the recycle of these wastes (Wibowo et al., 2007) .
For Renault et al. (2009) compared to metal salts, chitosan is more efficient at lower concentrations, producing larger flakes, thereby facilitating the sedimentation speed, amount of sludge volume produced is lower and cause less environmental impact due to their biodegradability however this efficiency it is limited in a range of pH and concentration.
Divakaran & Pillai (2001) obtained results where chitosan promoted the maximum clarification of suspensions containing kaolinite (clay) in water, solutions with turbidity ranging from 10 to 160 NTU and efficiency in coagulation was with turbidity fixed in 40 NTU and pH ranging between 6.5 and 7.5.
Gonçalves et al. (2008) used chitosan for the treatment of effluents contaminated with food coloring, and found that the pH reduction from 7 to 6 and increased concentration of chitosan from 250 to 500 mg L -1 leads to an increase in the removal of coloring from 33% to over 90%. Laus et al. (2006) studied acidity removal, iron and manganese from water contaminated by coal mining using chitosan microspheres crosslinked with tripolyphosphate. The results were satisfactory, because the microspheres assisted in remediation of acidity (pH from 2.5 to 6.0), which showed promising to be effective in removing iron and manganese from water, with 100% and 90% removal, respectively.
Tannin
Tannin is a natural coagulant extracted from plant bark as Acácia Negra, for example, which is cultivated in Brazil, only in the state of Rio Grande do Sul. The tannin extraction made for coagulant production to water treatment, uses from 20 to 30% of the bark. This exhausted shell is partly intended for composting to organic fertilizer production. The rest is used in the own factory for char, steam production and electric power generation, in many cases, sufficient to provide all working industry (Mangrich et al., 2013) .
Tannin acts in colloidal systems neutralizing charges and forming bridges between these particles, this process is responsible for flake formation and subsequent sedimentation (Martinez, 1996 apud Coral et al., 2010 . Barradas (2004) reports that among their properties, tannin does not change the pH of treated water since it does not consume the environment alkalinity, while it is effective in a wide pH range, from 4.5 to 8.0. Cruz et al. (2005) stated that the use of a renewable prime material such as vegetable tannins, have a lower contribution of sulfate anions to the final sludge, lowest sludge mass generation, and obtaining an organic sludge with greater ease of elimination.
Coral et al. (2010) analyzed aluminum sulfate and tannin of Tanfloc ®, brand using concentrations of 10 to 60 mg.L -1 and obtained similar results in both coagulants, but with the advantage of the latest does not have remaining metal in the treated water and sludge generated at the end of the process.
According to Sánchez-Martín (2010) in studies conducted in a pilot plant of surface water treatment, the use of Tanfloc ® showed color reduction of about 50%, removing surfactants up to 75%, and removal of organic matter represented by the reduction of 40% in COD, and 60% in BOD.
Pelegrino (2011) studied the use of tannin in a system of post treatment of sewage effluent with a 65 mg L -1 concentration of tannin and 2.0 mg L -1 of cationic polymer, obtained for the parameters studied, satisfactory results with a reduction of 95.2% of turbidity, apparent color with a decreased 82.1%, total phosphorus with 49.2%, COD 80.7% and reduction of 87.9% for total suspended solids.
Cruz (2004) evaluated the use in tannin for the treatment of effluents from an industrial laundry and obtained the best result with the 166 mg L -1 concentration of tannin in the pH range between 5.5 and 7.5 obtaining removal more than 80% of organic load and surfactants. After treatment, it was even reviewed, the effluent not only conform the current legislation as presented slightly toxic to Daphnia similis (microcrustacean).
Bongiovani et al. (2010) conducted a study where was evaluated the benefits of obtaining drinking water using the Tanfloc ® SS and concluded that it is an alternative technique, highlighting the benefits to public health by not showing traces of metals and environmental preservation, because the sludge is biodegradable facilitating their disposal in soil.
Chemicals coagulants x Natural coagulants
In coagulation methods for water and wastewater treatment, conventionally, are used inorganic coagulants from chemical origin, consisted of iron salts and aluminum such as aluminum sulfate (Al 2 (SO 4 ) 3 ), ferric sulfate (Fe 2 (SO 4 ) 3 ) and ferric chloride (FeCl 3 ) (Coral et al., 2010) . Pavanelli & Bernard (2002) studied the chemical coagulants performance in high turbidity water and low true color and aluminum chloride obtained most efficiently in a widely pH range and ferric sulfate results in a lower cost to achieve the same remaining turbidity. Matos et al. (2007) studied the treatment of washing wastewater and stripping / pulping coffee fruits using four different coagulants, which three were from inorganic origin (aluminum sulfate, chlorinated ferrous sulfate and ferric chloride) and one from organic origin (moringa seed extract). The concentrations used for inorganic were from 0 to 3.0 g L -1 and 0 to 60 mg L -1 for moringa seed extract and pH ranging from 4.0 to 8.0. The results indicated great potential for the use of moringa seed extract showing greater removal of suspended solids in the pH range from 4.0 to 5.0 and 10 mL L -1 concentrations. The difference between metal coagulant and cationic polymer is in its hydrolytic reaction with water. In polyelectrolytes, polymerized chains are already formed when they are added in the liquid medium. In the metal coagulants, polymerization is initiated on the contact with the liquid medium, followed by colloid adsorption step that exist in the medium (Philippi, 2001) . Cardoso et al. (2008) mentioned that Asian, African and South American countries are using various plants as coagulants/flocculants for the purpose of obtaining drinking water, thus minimizing the environmental and public health problems caused by coagulant from chemical origin.
The use of natural products in the coagulation process it is economically viable, because besides provides efficient removal of various pollutants there is the possibility of the residual sludge reuse, helping to minimize environmental impacts, the costs of acquisition of chemicals, which are imported in some cases (Belisário et al., 2009) .
The use of renewable prime materials such as vegetable tannins, have a lower contribution of anions sulfates to the final sludge, lower sludge mass generation, and obtaining an organic sludge with greater ease of elimination (Cruz et al., 2005) .
Conclusion
Natural coagulants are increasingly being used for the treatment of frigorific effluents making the treated effluent contains no metal traces, deriving from treatments with chemical coagulants. Among the coagulants above, only chitosan was less efficient due to its dilution best occurs at more acidic pHs, thereby the effluent treatment with this coagulant results in a higher cost to the industry. Gonçalves JO, Vieira MLG, Piccin JS, Pinto LAA (2008) Uso de quitosana no tratamento de águas contaminadas com corante alimentício. XVII Congresso de Iniciação Científica e X Congresso de Pós--Graduação. Universidade Federal de Pelotas, RS.
